Introduction
Ostracods are small aquatic crustaceans that can be found in various habitat types with a variety of ecological conditions. They can be used as indicator species to estimate water quality (Delorme, 1969; Benson, 1990) and determine habitat types (Forester, 1991; Külköylüoğlu and Vinyard, 2000) , because each species has its own ecological preferences and species-specific tolerance levels. Therefore, once the species' ecology is understood, such knowledge can be helpful in reconstructing the past history of habitats (Forester and Smith, 1992) . This can be done because ostracods can be found as fossil forms due to their calcium-carbonated carapaces. Although the idea of indicator species has been applied to different taxonomic groups, there have been few studies conducted over the last 10 years in Turkey; those that are available cover various water bodies such as lakes (Külköylüoğlu and Dügel, 2004) , reservoirs (Külköylüoğlu, 2005a) , wetlands (Külköylüoğlu, 2005b) , and springs (Karakaş- Sarı and Külköylüoğlu, 2008) . Given the focus on these particular types of aquatic habitats, previous studies mostly dealt with species diversity in local regions, or so-called alpha diversity. Since alpha diversity implies local species richness only, ecological information will be limited to the conditions prevailing in those particular ecosystems. With such limited ecological knowledge, making general conclusions may also be difficult. Regional species diversity, or so-called gamma diversity, on the other hand, implies measuring overall species diversity on a geographic scale and from different ecosystems (Hunter, 2002) . Hence, gamma diversity deals with a larger sampling area covering a wider range of ecological conditions where ostracods can be found. Consequently, sampling efforts in a wider geographical area can provide sufficient data for future estimates of ecological requirements and habitat preferences in ostracod species.
This research was the first extensive study on ostracods in Erzincan. The aims of the present work were to determine the ostracod species composition in the different aquatic habitats of Erzincan, to estimate the relationship between the individual species and measured environmental factors, and to outline ecological requirements and habitat preferences of the most frequently occurring species, along with assessing the tolerance and optimum values of environmental factors for each of them.
Material and methods

Study area
The province of Erzincan (39°02′N to 40°05′N, 38°16E to 40°45′E) covers ca. 11,900 km 2 of Turkey ( Figure 1 ) and is located in the eastern part of Anatolia, which has a continental climate. A total of 89 sites randomly selected were visited between 23 June and 22 August 2006 in 9 districts located at elevations of between 840 and 1954 m a.s.l. (Appendix).
Physicochemical and biological measurements
Before sediment sampling, 7 physicochemical environmental variables were measured in situ and water samples were taken. Water temperature (°C), dissolved oxygen (mg L -1 ), percent oxygen saturation, electrical conductivity (µS cm -1 , at 25 °C), salinity (ppt), redox potential (mV), and pH were measured in situ with YSI-85 oxygen-temperature and HI-98150 pH/ORP meters. The values of total dissolved solids (TDS) were calculated from electrical conductivity by multiplying measured values with a 0.65 coefficient (Forester and Brouwers, 1985) . Additionally, values of redox potential were later transformed to standard hydrogen electrode (SHE) by SHE = EH + 207 + 0.65 × [25 °C -T(w)]. Air temperature (°C), monthly rainfall, and dry/wet month data were obtained from the Meteorological Station in Ankara. Geographical data [i.e. altitude (m) and coordinates] were recorded with a GARMIN-GPS 45.
Ostracods were collected with a hand net (200-µm mesh size) from different aquatic habitats (lakes, reservoirs, ponds, creeks, springs, ditches, troughs, etc.) in about 100 cm of water depth. One sampling was done from each site, unless otherwise indicated. The stations' names with habitat types, altitudes, latitudes, longitudes, and 9 physicochemical variables are given in the Appendix. Approximately 200 g of sediment sample collected from each site was fixed in 250-mL bottles with 70% ethanol. In the laboratory, these sediment samples were filtered through 4 standard sieves (1.5, 1.0, 0.5, and 0.25 mm) and fixed in 70% ethanol for further studies. Ostracods were separated from the sediment with fine needles and kept in ethanol in glass vials. An Olympus BX-51 microscope was used for species identification after individuals were mounted in lactophenol solution on slides. Species identified with soft body parts and carapace structures were classified based on the systematic descriptions of Broodbakker and Danielopol (1982) and Meisch (2000) . Scanning electron microscope (SEM, Jeol/JSM 6335F) photographs of some common ostracod valves were taken at the Scientific and Technological Research Council of Turkey's Marmara Research Center (TÜBİTAK MAM) ( Figure 2 ). All material is kept in the laboratory of the Biology Department of Marmara University, İstanbul, Turkey, and is available upon request.
Statistical analyses
Different statistical methods were used to analyze the data. Among them, canonical correspondence analysis (CCA) and Monte Carlo tests (499 permutations) were performed after data were log-transformed and tested with detrended correspondence analysis (DCA), which is used to check the length of gradient for CCA (ter Braak, 1986) . This method attempts to explain the possible correlation between species and environmental variables, both graphically and numerically identifying the most effective variable(s) for the analyzed species (ter Braak and Barendregt, 1986; Birks et al., 1990) . The CCA was performed based on the choice of manual selection amid variables. In order to reduce the arc effect, we only selected variables that were independent from each other (no significant correlation). This selection criterion retained 5 out of the 7 measured variables. We used CCA with 15 species and the 5 most influential environmental variables within 63 sites. Using quantitative data, unweighted pair group mean averages (UPGMA) applied with Jaccard's coefficient tests were selected to display different clustering assemblages of the most common 15 species occurring 2 or more times. UPGMA was performed with a multivariate statistical package program (MVSP, version 3.1) (Kovach, 1998) (Figure 3 ), while CCA was done with the CALIBRATE program, version 1.0 (Juggins, 2001) (Figure 4 ). Ecological tolerance (t k ) and optimum estimates (u k ) of individual species were determined with the C2 program (Juggins, 2003) using weighted averaging (WA). During WA, a species' optimum value is taken as the average of all sampling sites where the species occurs, weighted by its present abundance in each. It is assumed that the species shows a unimodal response to the environmental variable(s) used and that it is most abundant in sampling sites with values closer to their optimum values (ter Braak, 1986) (Table) .
A nonparametric statistical method of Spearman rank correlation analysis applied with Jaccard's coefficient was used to exhibit levels (weak to strong) of correlations among species and environmental variables. Binary data were used for habitat types as lotic (flowing) waters (1) and lentic (stagnant) waters (0). Only living adults that occurred in at least 2 samples from different localities were included in the analyses, while juveniles, subrecent specimens, and those with broken valves and/or carapaces were excluded.
Results
A total of 32 ostracod taxa were recorded in 63 out of 89 samples (Appendix); the 26 other samples did not contain any ostracods. Of these, Cypria sywulae was a new report for Turkey. The 15 most common species were grouped into 3 main clusters on the UPGMA dendrogram ( Figure 3) D. stevensoni, C. candida, C. angulata, C. ovum, C. pubera, P. zenkeri, H. salina, P. villosa, and L. inopinata) have previously been reported from a variety of habitats in Turkey (see Section 4). The first 2 axes of CCA were able to explain 74.1% of the variance between 15 species and 5 environmental variables with about 6.9% cumulative percentage variance of species data ( Figure 4 ). Distribution of species within each group in UPGMA corresponded to the distribution of species in the CCA diagram. Water temperature was the most significantly influential factor on species (P = 0.024, f = 2.236), while the other variables showed weak or no influence: dissolved oxygen (P = 0.154, f = 1.406), altitude (P = 0.450, f = 1.015), electrical conductivity (P = 0.720, f = 0.601), and pH (P = 0.696, f = 0.486). According to Spearman correlation analyses, C. vidua was the only species that showed a significant negative correlation to habitat type (lotic or lentic habitats) (P = 0.03); no other species had a significant correlation to environmental variables (P > 0.05). Ecological tolerance and optimum estimates of species revealed that species with cosmopolitan characteristics usually had broad tolerance levels for different variables, but exceptions were also observed (see Table) . Our results may imply moderate to high gamma diversity for the area.
Discussion
As described above, the first clustering group of the UPGMA dendrogram consisted of 5 ostracod species (see Figure 3) , of which 4 are bottom-dependent species without (or with reduced) swimming setae on the second antenna, while a single species, Eucypris virens, is known to have setae. This indicates that species of this group might mainly inhabit substrates where they can crawl or walk, while their limited ability for active movement excludes these species from a broader range of habitats. Among the species of this cluster, E. virens is known to occur over a wide range of salinities , and it can cope with warm (up to 24 °C; see Külköylüoğlu et al., 2007) as well as cold (10 °C; see Mezquita et al., 1999) waters. In the present study, this species was found closer to the center of the CCA diagram (Figure 4 ), which may imply its broad tolerance ranges for the selected environmental variables since the species did not show statistically significant relationships with other variables used. Eucypris virens also showed the highest optimum estimates for electrical conductivity (807.56 µS cm -1 ) (Table) .
Apart from E. virens, another 4 species were encountered at the same sampling site (station 78) located at ca. 1789 m a.s.l. These include Psychrodromus fontinalis, rarely reported from Turkey. During the present study, this species was found in 5 sampling stations varying from lake to spring habitats. The water temperature, pH, and dissolved oxygen levels in these stations ranged from 22.2 to 28.8 °C, 7.38 to 7.88, and 2.55 to 6.14 mg/L, respectively (Appendix). According to Meisch (2000) , P. fontinalis has a strong preference for permanently cold waters, mostly spring and spring-associated habitats. Indeed, most recently, the species was reported from springs, streams, and/or waters related to spring habitats of Italy (Rossetti et al., 2006; Bottazzi et al., 2008; Pieri et al., 2009) and Turkey (Dügel et al., 2008) . Despite its preferences for cold waters, in the current study, a couple individuals of P. fontinalis were found in a stream (station 29) with relatively warm water (ca. 24 °C), which was poorly oxygenated (ca. 5.0 mg L -1
). This implies that its tolerance range may be wider than previously estimated. Indeed, in our case, its relatively broad tolerance range (ca. 5.6 °C) and fairly high optimum estimate (24.6 °C) for water temperature (Table) seem to support this idea. However, due to limited data, interpretation of this species' ecological characteristics may not be correct, and further studies are required.
Two other species (Potamocypris similis and Pseudocandona albicans) of the first group exhibit some similarities in their ecology and habitat preferences. Meisch (2000) already underlined the poor knowledge on the ecology of P. similis. Meisch (2000) also stated that P. similis prefers ponds with sandy or muddy bottoms and the littoral zones of lakes. This species has been reported from Northeast Italy (Pieri et al., 2009) and Anatolia (Sarı and Külköylüoğlu, 2010) , but again without details about its ecology. Külköylüoğlu and Sarı (2011) presented a significant positive correlation of P. similis with dissolved oxygen in cool waters (ca. 15 °C). We collected this species from 3 slow-flowing creeks (Appendix; stations 18, 27, and 78), where it tolerated low to high salinities and temperatures of 17.7 to 24 °C. Additionally, P. similis showed the highest optimum for altitude (ca. 1760 m) and a tolerance of 263.38 m. Its tolerance value to dissolved oxygen (t k = 1.93 mg L -1 ) was the highest among those ever reported. Unlike P. similis, considerable ecological data are available for P. albicans from Europe (Hiller, 1972; Gülen, 1985; Meisch, 2000; Rossi et al., 2003) , North America (Külköylüoğlu, 1999; Karanovic, 2006) , western Asia and Micronesia (Beyer and Meisch, 1996) , and China (Yu et al., 2009) . This species appears to be tolerant to oligo-to mesohaline conditions (Külköylüoğlu, 1999) . We found the species at 2 sites (stations 73 and 78) with low dissolved oxygen (1.84 and 3.27 mg L -1 ), low to medium water temperature (14.7 to 19.7 °C), and brackish waters of up to 638 µS cm -1 , at relatively high elevations (1789 and 1809 m a.s.l.). The possible relation between elevation and species distribution is reflected by the position of this species (occurrence of the species was correlated with altitude) in the upper left part of the CCA diagram. Our results support earlier findings stating that P. albicans has a wide tolerance to salinity (Külköylüoğlu, 1999) . The species has a preference for high altitudes and low temperatures; it is considered an indicator for cold water by Mezquita et al. (1999) .
The second clustering group of the UPGMA ( Figure  3 ) included 3 ostracod species. Cypridopsis vidua, a cosmopolitan species, has been known to display broad tolerances to different environmental conditions. In the present study, we found C. vidua among the 5 most frequently occurring species in waters with electrical conductivity of 1008 µs cm -1
. It was actually the only species with a significant negative correlation to habitat type (P = 0.03). Such a finding may be interpreted such that C. vidua may not have a certain kind of habitat preference. The Table reveals that optimum estimates of C. vidua for water temperature (28.75 °C) and pH (7.67) were the highest in the current study. This species was located near the temperature arrow in the CCA diagram ( Figure  4 ). This corresponds to the temperature range between 17.4 and 33.1 °C (Appendix). These results are concordant with a possible high flexibility to tolerate changes in the different environmental variables. Psychrodromus olivaceus was collected from slightly brackish (547-1008 µS cm -1 ) aquatic bodies along with C. vidua, Heterocypris incongruens, and Ilyocypris bradyi. The CCA diagram ( Figure 4) placed P. olivaceus in the left lower corner, closer to the dissolved oxygen arrow. This may imply a positive relationship of its distribution to dissolved oxygen. Indeed, P. olivaceus has been reported from ponds, pools, ditches, and slow-(or non-) flowing waters (Rossetti et al., 2006) that are well oxygenated.
The last species of this group, Ilyocypris inermis, was found to be close to P. olivaceus in the CCA diagram. I. inermis is mostly found in spring and spring-associated waters, where it tends to prefer cold waters (Meisch, 2000; Rossetti et al., 2005) , but in recent studies, it has also been found in lakes and peat bogs (Pieri et al., 2009 ), rice fields (Rossi et al., 2003) , ponds, slow-flowing creeks, and irrigation canals (this study). Mezquita et al. (1996) , and water temperature of 12.8 to 18.0 °C. Külköylüoğlu and Yılmaz (2006) reported I. inermis frequently in a shallow limnocrene spring almost all year round, during which water temperature fluctuated between 5.7 and 17.6 °C. Külköylüoğlu et al. (2010) found this species in a landslide lake in Bolu, Turkey, with water temperatures ranging between 11.44 and 15.71 °C. In the present study, this species was collected from relatively high elevations of between 889 and 1553 m, where pH levels lie between acidic (6.76) and basic (8.33) conditions. In contrast to our results, a peculiar geographic distribution was previously described for this species from low elevations (below 240 m) in the southern part of NE Italy (Pieri et al., 2009 ). Our results support the earlier views that I. inermis may prefer low temperature values, but apparently it can also tolerate low levels of DO and high levels of electrical conductivity. Hence, tolerance to these environmental variables might be broader than previously thought.
The third clustering group in the UPGMA results (Figure 3 ) consisted of 5 species. Three of these (C. neglecta, H. incongruens, and I. bradyi) are well-known cosmopolitans with a widespread geographical distribution in a variety of aquatic habitats (Meisch, 2000; Külköylüoğlu et al., 2007) . In the ordination diagram (Figure 4) , they are plotted near the center, implying broad tolerances to the environmental variables investigated in the current study. This is especially true for I. bradyi and H. incongruens, which were the most frequently occurring species, reported from different habitats during this study. When comparing species' tolerance and optimum estimates (Table) , it is clear that species with cosmopolitan characteristics also display higher tolerance values. For example, I. bradyi had the broadest tolerance for water temperature (5.92 °C), whereas C. neglecta displayed high tolerance for electrical conductivity (up to 1235 µS cm -1 ). Heterocypris incongruens did not show any clear relationship to the investigated variables. It is a cosmopolitan species with broad tolerances to a range of environmental variables and could be called a "cosmoecious" species (Külköylüoğlu, 2007) , along with the other 2 species, I. bradyi and C. neglecta. Ecological information for the other 2 species from this UPGMA cluster, P. fulva and P. fallax, is still relatively scarce. According to Meisch (2000) , P. fulva can be found from ditches, slow-flowing waters, springs, and lakes. Külköylüoğlu et al. (2007) reported P. fulva as a new record for Turkey, where it was found in a cold (1.56 °C), heavily polluted eutrophic lake (Lake Yeniçağa) with relatively high electrical conductivity (465 µS cm ). This is the lowest temperature record for this species. In the present study, this species was found in slow-flowing, spring-fed creeks at high altitudes (925 to 1925 m a.s.l.) with water temperature ranging from 12.0 to 18.4 °C, dissolved oxygen values being relatively low (ranging from 4.5 to 6.5 mg L -1 ), and waters being alkaline. Additionally, P. fulva showed the highest tolerance and optimum estimates for altitude and dissolved oxygen values. Our results suggest that this species tends to occur in well-oxygenated waters at high elevations in Turkey.
The occurrence of P. fallax at high altitudes was reported from NE Italy along with low conductivity values (Pieri et al., 2009) . We also found this species at high altitudes (1138 to 1954 m a.s.l.) but at low (217 µS cm -1 ) to relatively high (1074 µS cm -1 ) conductivities. In our study, the temperature tolerance of P. fallax was within the range of 13.7 to 26.9 °C, higher than that of P. fulva. It has the highest tolerance to different oxygen contents (Table) , as it was collected from water bodies with low (1.86 mg L -1 ) to medium (6.17 mg L -1 ) oxygen content. Although P. fulva and P. fallax belong to the same genus, they were never recorded at the same site. This may indicate different ecological requirements for the 2 species. However, general conclusions cannot be drawn because of the limited data. Potamocypris fallax probably prefers cold waters at high altitudes and can also tolerate high salinities with low-oxygenated waters. Meisch (2000) reported the cooccurrence of P. fallax and P. zschokkei from the same area, indicating that they might prefer similar ecological conditions, both being cold stenothermal. Finding species belonging to different genera in the same clustering groups suggests that those species (and genera) may have some common ecological requirements. However, this view cannot be generalized because of the limitations of the data from the current study and the fact that ecological knowledge of many ostracod species is still limited.
As mentioned before, in the current study, statistical analyses were limited to the 15 most common species. The remaining 17 species were too rare to deduce sound ecological knowledge; however, they still contribute to the species richness of the area. For example, C. sywulae is a new report for Turkey, and 31 species (including rare species) are new for the area studied.
Regional species diversity (or so-called gamma diversity) implies measuring overall species diversity on a geographic scale (e.g., the city of Erzincan and its environs) and from different ecosystems (Hunter, 2002) . Hence, compared to alpha diversity, gamma diversity deals with a larger sampling area with a wider range of ecological conditions of habitats where ostracods can be found. Sampling efforts in a wider geographical area can thus provide sufficient data for future estimates of ecological requirements and habitat preferences of ostracod species. The gamma diversity of Erzincan adds up to 32 species from 63 out of 89 sites.
We did not find ostracods in 26 samples. It is probable that species either have not reached the sites or that the sites are not suitable for them. Of course, some biotic factors (e.g., competition, predation) can also have effects on species diversity, but this was beyond the scope of this work and therefore not covered in this study. Nevertheless, such issues could be critical for further studies.
The diversity found in Erzincan in this study is indeed higher than the diversity of Diyarbakır (Akdemir and Külköylüoğlu, 2011) and Van (Külköylüoğlu et al., 2012) , where 23 and 29 species were found in 50 of 90 and 57 of 78 sampling sites, respectively. However, such a difference in diversity is likely related to the number of sampling sites, as numbers of species tend to increase with increasing sampling area [Island Biogeography Theory of MacArthur and Wilson (1967) ].
Since our sampling sites (N = 89) still cover only a small portion of ostracod habitats in the Erzincan region, more extensive fieldwork is required for a more accurate estimate of ostracod diversity in this area. Our sampling was also limited to one season only (i.e. the summer period), whereas it is clearly known from literature that certain ostracod species are only found during other seasons (Meisch, 2000) . These issues should be considered for future studies.
In conclusion, the results of our study seem to support our hypothesis that the gamma diversity of the Erzincan region, with 32 species, is higher than the gamma diversity of other nearby regions. The 5 most influential environmental variables explained 74.1% of the variation in the 15 most common species, with water temperature being the most important variable for ostracod species distribution. Among the analyzed species, cosmopolitans typically showed relatively higher tolerances to different factors than rare or specialist species. Our study has contributed to the ecological characterization of the most abundant ostracods in the study area. Once ecological requirements of individual ostracod species are well known, this knowledge can be used for the reconstruction of past ecological conditions. Appendix. Geographical information (station names, altitudes, latitudes-N, longitudes-E) and 9 physicochemical variables from 89 different water bodies in Erzincan (Turkey). Abbreviations: Alt = altitude (m); Ta = air temperature (°C); Tw = water temperature (°C); SHE = standard hydrogen electrode (redox potential, mV); %S = oxygen saturation (%); DO = dissolved oxygen (mg/L); EC = electrical conductivity (µS/cm); TDS = total dissolved solids (mg/L); Sal = salinity (ppt); NA = not available. 
